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The McCollough orientation-contingent color aftereffect could be equally well elicited by either a full 
test pattern of black and white stripes or a similar test pattern that was largely occluded by white 
surfaces, provided the latter stripes were made to appear as through continuing under the white 
surfaces--by means of stereo depth cues. The color aftereffect appeared concentrated around the edges 
of the stripes that protruded out from under the white surfaces; surfaces that themselves continued to 
appear a uniform white as shown by color matches. These results suggest that occluded, 
perceptually-continued ges can elicit the McCollough effect, which is generally thought o occur quite 
early in the visual pathway. 
Occlusion McCollough effect Binocular disparity 
INTRODUCTION 
One of the important goals of the visual system is to 
produce auseful description of three-dimensional objects 
and their spatial relations in the external world (Marr, 
1982). Even through the information available to the 
system is limited in many ways, the visual system has 
developed functions that compensate for this limited 
information. One of the most important compensatory 
functions developed by the visual system is to complete 
the perception of occluded objects. Partially occluded 
parts of the surface of a background object appear to be 
complete behind an occluding opaque foreground object, 
although, the contours and the surface features (such as 
brightness and color) of the occluded parts of the surface 
are invisible (Kanizsa, 1979; Kellman & Shipley, 
1991; Michotte, Thines & Crabbe, 1964). The ability to 
complete partially occluded objects is very important 
because in the natural world, closer, opaque objects very 
often occlude more distant objects (Gibson, 1979). Thus, 
this function of occlusion has been extensively studied 
psychophysically (Adelson, Shinha & Freeman, 1993; 
Enns & Shore, 1994; He & Nakayama, 1992; Nakayama, 
Shimojo & Ramachandran, 1990; Shapley & Ringach, 
1994; Vallortigara & Bressan, 1994; Watanabe & 
Cavanagh, 1993) and theoretically (Freeman & Adelson, 
1992; Grossberg, 1993; Sheperd, 1993). 
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The purpose of this study is to determine whether such 
a partially occluded test pattern can elicit visual 
phenomena in the same way as entirely exposed objects. 
Results forthcoming from this experiment should give us 
useful insights concerning how the visual system processes 
occluded objects. Specifically, the present study examined 
whether partially occluded but perceptually occluded 
objects can induce the orientation-contingent color 
aftereffect called the McCollough effect (McCollough, 
1965). 
To produce the classic McCollough effect, observers 
adapt for several minutes to, for example, vertical, green 
stripes alternating every few seconds with horizontal red 
stripes. After the adaptation period, the white test stripes 
parallel to the green or red adapting stripes appear to be 
tinged in red (or pink) or green, respectively. Recent 
findings suggest that the McCollough effect occurs very 
early in visual processing: The McCollough effect is 
somewhat specific to retinal area and retinal orientation 
(Ellis, 1976; McCollough, 1965; Stromeyer, 1972). It also 
depends on the stimulus wavelength, not on the apparent 
color from color constancy (Thompson & Latchford, 
1986). Upon adapting one eye, the McCollough effect is 
not typically seen with the other eye (McCollough, 1965; 
Murch, 1972). A patient with the prestriate regions in her 
occipital lobe severely damaged, but an intact striate 
cortex, can still observe the McCollough effect 
(Humphrey, Goodale & Gurnsey, 1991 ). These and other 
findings have led many researchers to suggest hat the 
major locus for the McCollough effect may be in V1 
(Humphrey et al., 1991; Savoy & Gabrieli, 1991; 
Stromeyer, 1978; Stromeyer, Lange & Ganz, 1973; 
Thompson & Latchford, 1986; Watanabe, Zimmerman &
Cavanagh, 1992). 
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In Expt 1, we examine whether the McCollough effect 
is obtained with partially occluded stripes. A test stimulus 
is developed in which the stripes appear to be partially 
occluded by rectangles. The degree of "far" binocular 
disparity introduced to the stripes was varied and the 
strength of the color aftereffect in the stripes was 
measured by means of a color matching technique. If the 
McCollough effect is obtained with partially occluded 
objects, this would suggest that the orientation coding of 
partially occluded objects might influence very early 
information processing. 
In Expt 2, we also explored which parts of the 
subjectively completed surface have the color aftereffect 
and which parts do not. More specifically, whether the 
color aftereffect is observed even with occluded parts of 
an object or not? 
EXPERIMENT 1 
Method 
Observers. The observers were one male and two 
females between the ages of 26 and 35 yr. All of them were 
naive for the purpose of the experiment. Each had normal 
or corrected-to-normal visual acuity (Snellen 20/20) and 
normal color vision (no errors in the Ishihara test). 
Materials. The stimuli were presented on a color video 
display (Apple M0401, 640×480 pixel resolution) 
controlled by a Macintosh IIci. The observer viewed the 
stimuli through a mirror haploscope which was placed 
57.3 cm from the display. A pair of the test stimulus 
patterns was presented side by side on the same display 
so that by using the haploscope, the pattern presented on 
the right side of the display was projected to the right eye 
and the pattern on the left side of the display was projected 
to the left eye. The width and height of the display were 
23.0× 17.3deg of visual angle. The computer also 
recorded the observers' responses. 
The two adapting stimuli consisted of five stripes (0.53 
and 6.8deg of visual angles in width and height 
respectively) on a "black" background (0.5 cd/m2). The 
inter-stripe intervals were 0.53 deg. In one adapting 
stimulus, the stripes were red (0.63, 0.33 in the CIE x, y 
chromaticity coordinates and 28.5 cd/m 2 in luminance) 
and tilted 45 deg counterclockwise. In the other adapting 
stimulus, the stripes were green (0.28,0.59 in the 
chromaticity coordinates and 77.0 cd/m 2 in luminance). 
In the test stimulus as shown in Fig. l(a), the white 
stripes (51.0cd/m 2 of the same size as the adaptation 
stripes, tilted 45 deg counterclockwise or counterclock- 
wise) were obscured by two large white rectangles 
(51.0 cd/m 2 in luminance, 4.8 and 2.7 deg in width and 
height respectively, tilted clockwise or counterclockwise). 
*The chromaticity coordinates for these green and red were determined 
in the following way. Prior to the experiment, two observers 
including the author, who did not participate in any of the 
experiments of this study, matched the hues of the square to those 
of the stripes in the type 1 control stimulus with the saturation held 
constant (most saturated hues shown in the program) after the 
adaptation to the adaptation stimuli. 
The longer sides of the portions of the stripes that were 
not obscured by the rectangles were perpendicular to the 
orientation of the original stripes, of which they were 
parts. "Far" binocular disparity was introduced to the 
stripes in the test stimulus and varied from 0 (no disparity) 
to 13.2 min arc in seven steps. With the "far" disparity, 
the stripes appeared to be partially occluded by the large 
rectangles, but were perceptually completed behind the 
occluding rectangles. 
Two types of control stimuli were also used. Type 1 
control stimuli consisted of complete stripes with no 
occluding rectangles a  shown in Fig. l(b). The width and 
height of the stripes were identical to those of the 
apparently occluded stripes in the test stimulus. These 
control stimuli were used to compare the amount of the 
classic McCollough effect with the amount of the 
McCollough effect, if any, observed with the partially 
occluded but perceptually completed stripes. Type 2 
control stimuli consisted only of the non-occluded parts 
of the stripes with no occluding rectangles as in Fig. l(c). 
As shown in Fig. 1, a 2.1 deg square region, placed 
0.9 deg below each test or control stimulus, was varied in 
chromaticity by the observer over the green-to-red range 
(the CIE x and y chromaticity coordinates were 0.47, 0.33 
for the most saturated green, 0.33, 0.33 for white and 0.31, 
0.42 for the most saturated red*) in order to match the 
color appearance of the test stimulus. A mouse was used 
to vary the chromaticity atequiluminance (51.0 cd/m2). 
Preliminary test. A preliminary test was conducted for 
all three observers who later participated in Expt 1. The 
purpose of this preliminary experiment was to confirm 
that "far" disparity fostered the illusion or inference that 
the occluded stripes were continuous under the overlaid 
large rectangles. This assured that the observers perceived 
the stripes as completed behind the occluding rectangles 
when "far" disparity was introduced to the stripes. It was 
also carried out to determine the effect of the degree of 
"far" disparity on the salience of the subjectively 
complete stripe structure which was partially occluded by 
the two rectangles in the test stimulus as shown in 
Fig. l(a). Observers were asked to rate the degree of 
salience of the apparently complete stripe structure on a 
scale from 0 to 10; 0 meant no apparently complete stripe 
structure and 10 meant very strong apparent stripe 
structure. "Far" disparity was varied from 0 to 11.0 min 
arc in six steps and the stripes were tilted clockwise or 
counterclockwise. Each stimulus etting was repeated 10 
times. Thus, the total number of the trials in the 
preliminary test was 6 (disparity) x 2 (clockwise/counter- 
clockwise) x 10 (repetitions)= 120. The order of presen- 
tation of the stimulus settings was pseudo-randomly 
determined. 
Figure 2 shows the mean ratings of individual observers 
as a function of the degree of the "far" disparity. This 
shows that the inferred stripe structure became more 
salient with the increasing "far" disparity. The results also 
suggest that all the observers successfully fused the pair 
of test stimuli and perceived the stripes as complete 
behind the occluding rectangles at least with relatively 
high degrees of the "far" disparity. 
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FIGURE I. The test stimulus and the control stimuli used in the Expt 1. Each pair of stimuli was presented side by side using 
a mirror haploscope so that the left and right patterns were projected to the left and right eyes of the observer, respectively. (a) 
An example of the test stimuli with "far" disparity to the stripes, In order to perceive the stripes as occluded by the two large 
rectangles, a "crossed" fuser should fuse th  left and the center figures and an "uncrossed" fuser should fuse th  center and right 
figures. In the experiment, the center and fight figures were presented side by side and were fused through a haploscope. The 
color of the square at the bottom was varied by moving a mouse to match the color of the stripes before and after color adaptation. 
(b) An example of a type 1 control stimulus. It consists of the entire stripes. (c) An example of a type 2 control stimulus. Only 
the non-occluded parts of the stripes were presented. Notice that the orientation of each of the component rectangles in (c) s 
orthogonal to hat of the global stripes shown in (a) and (b). In (b) and (c), two identical stimuli were presented side by side 
on the display. 
Procedure. There were two stages in the main part  of  
Expt 1; the pre-adaptat ion stage and the post -adaptat ion 
stage. In each trial o f  the pre-adaptat ion  stage, 
immediately after an offset of  an auditory "beep"  that 
lasted for 100msec, a stimulus was presented. The 
stimulus could be any one of  the nine possibilities; the test 
stimuli with the seven different degrees of  disparity or the 
two types of  the control  stimuli. The initial red or green 
saturat ion of  the reference square was determined 
randomly.  The observers'  task was to adjust the 
saturat ion of  the square until  it was best matched the color  
of  the non-occluded parts of  the stripes. The amount  of  
saturat ion ecessary to make this match was expressed as 
the excitation purity of  the square. The excitation purity 
VR ~5'5 
was defined as the ratio of  the distance between the 
display white point  (0.33, 0.33 in the CIE  x and y 
chromatic i ty coordinates) and the CIE  chromatic i ty 
coordinates of  the color to the distance of  the dominant  
wavelength of  the color from the white point. The 
excitation purity had a value of  0.0 when the square is set 
to white (gray) and 0.37 at the max imum setting available 
to the observers. A plus or a minus was assigned to the 
measured excitation purity if the observer added red or 
green to the square to match, respectively. The stripes in 
the test or the control  stimuli were ti lted clockwise in 
one-hal f  of  the trials and counterclockwise in the other 
half. Twenty trials were repeated for each stimulus setting. 
Thus, the pre-adaptat ion stage consisted of  9 (7 deg of  
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FIGURE 2. Mean ratings of the salience of the stripe structure of the 
partially occluded stripes by three observers as a function of "far" 
disparity (min arc). Error bars represent the SEs. The results of all three 
observers how that the mean rating monotonically increases with 
increasing "far" disparity. 
disparity in the test stimulus plus two types of con- 
trol stimuli) x 2 (clockwise/counterclockwise) x 20 (rep- 
etition) = 360 trials whose order of the presentation was 
pseudo-randomly determined. This pre-adaptation part 
of the experiment was done to determine if there was any 
color bias on the part of the observer prior to adaptation. 
Then, the observers were exposed to the two adapting 
stimuli, red stripes which were 45 deg tilted counterclock- 
wise and green stripes which were 45 deg tilted clockwise, 
*There are two possible xplanations for this finding. One is that the 
McCollough effect was obtained according to the orientation of each 
portion of the non-occluded parts of stripes. The other explanation, 
which is not contradictory to the first, is that in the type 2 control 
stimui, the orientation orthogonal to the stripes has a higher energy 
than the orientation of the stripes. The McCollough effect is known 
to be dependent on orientation with higher energy (Green, Corwin 
& Zemon, 1976; May & Matteson, 1976). It might be because both 
factors worked that the absolute amount of the matched saturation 
for type 2 control stimuli was near to that for full stripes (type 1 
control stimuli). In any case, to determine the cause is out of the 
present study's cope. 
alternating at4 sec intervals for the total adaptation time 
of 15 rain. To prevent the systematic buildup of negative 
afterimages, the observers were instructed not to fixate 
any particular region of the adapting stimuli, but rather 
to let their gaze wander around the colored stripes. Thirty 
sec after the end of the adaptation, the post-adaptation 
stage started. 
The procedure of the post-adaptation stage was 
identical to that of the pre-adaptation stage except for 
the following addition. Immediately after the observer 
clicked the mouse to indicate an acceptable setting, the 
adapting stimuli were presented again for 24 sec (the two 
adaptation stimuli alternating in 4 sec intervals). A new 
test stimulus was presented 30 sec after the offset of the 
adaptation stimuli, and the procedure was repeated. 
Results 
The results of the pre-adaptation stage, as in the left of 
Fig. 3, show that the matched excitation purity was 
always near zero and was not influenced by the degree of 
the disparity, whether the stripes were tilted clockwise or 
counterclockwise. This indicates that none of our 
observers had any significant preliminary orientation 
contingent color aftereffect prior to the adaptation orany 
significant response bias. On the other hand, the results 
of the post-adaptation stage, as shown in the right of 
Fig. 3, were very different from those of the 
pre-adaptation stage. For the test stimulus tilted 
clockwise (counterclockwise), the matched excitation 
purity for red (green) increased with the increasing degree 
of the far binocular disparity. For the 13.2 min disparity, 
the matched excitation purity became close to that for the 
complete stripes in the type I control stimuli. 
Furthermore, the matched color in the non-occluded 
parts when presented alone in the type 2 control stimulus 
was complementary ( ed vs green) to the matched color 
in the same parts when presented with rectangles.* 
Discussion 
The results of Expt 1 clearly show that the McCollough 
effect can be obtained with partially occluded stripes. One 
possible explanation why the matched excitation purity 
became higher with increasing disparity is that with 
increasing disparity, the structure of occluded stripes 
became more salient as shown in Fig. 1, resulting in a 
stronger McCollough effect. 
It is noticeable that the color observed in the 
non-occluded parts of the stripes in type 2 control stimuli 
[Fig. l(c)] was nearly complementary to the color 
observed in the same parts in the test stimuli [Fig. 1 (a)]. 
When the non-occluded parts of the stripes were 
presented alone as in Fig. l(c), the McCollough effect was 
obtained according to the orientation of each of the small 
component rectangles. On the other hand, when the same 
parts were presented with the occluding rectangles as in 
Fig. 1 (a) so that the non-occluded parts were seen to be 
completed as the stripes going behind the rectangles, then 
the McCollough effect was obtained according to the 
orientation of the stripes. 
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FIGURE 3. Mean excitation purity of the color of the reference square matched with the apparent color of the non-occluded 
parts of the stripes in the test and control stimuli [(a) observer SW; (b) observer FK; (c) observer SH] as a function of the degree 
of far binocular disparity for the stripes 45 deg tilted counterclockwise (-45 deg) and clockwise (45 deg). If the observer saw 
red in the non-occluded area of the test stimulus and added red to the square, aplus was assigned to the measured excitation 
purity. If the observers saw green in the non-occluded area in a test stimulus and added green to the square, aminus was assigned 
to the measured excitation purity. Type 1 control stimuli consisted of entire stripes. Type 2 control stimuli consisted of only the 
non-occluded parts of the stripes. Error bars represent the SEs. The left graphs are for the pre-adaptation stage and the right 
graphs are for the post-adaptation stage. 
In Expt 1, the excitation purity of only the non- 
occluded parts of the stripes was measured. The excitation 
purity of the color of the intersections of the stripes and 
the large rectangles and the remaining parts of the 
rectangles also need to be measured for the following two 
reasons. 
Even though the contours of the occluded parts of the 
stripes are invisible, the McCol lough effect was produced 
at least in the occluded parts of the stripes. An interesting 
question thus, ar ises--can a color aftereffect be observed 
throughout the area at which orientation is coded or is it 
confined only to the parts with visible contours? Since the 
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stripes appeared to be occluded by the large rectangles, 
the surface of the intersections of the test stripes and the 
large rectangles i inevitably perceived to belong to the 
large rectangles. If the color aftereffect reflects this 
perception, the saturation of the overlapped areas and 
that of the rest of the rectangles should be equal. We need 
to measure the saturation of the both areas separately. 
Indeed, the large rectangles which appeared to occlude 
the test stripes have on their own an orientation 
orthogonal to the test stripes, although they were much 
wider as compared with the test stripes. From the results 
of Expt 1 alone, the possibility cannot be ruled out that 
the McCollough effect was obtained with the large 
rectangles and the non-occluded parts of the stripes 
appeared to be tinged in red (or green) as a result of the 
contrast o the apparent color obtained with the large 
rectangles. In order to deny this possibility, the excitation 
purity of the large rectangles (the intersections plus the 
other parts of the large rectangles) hould be close to zero. 
If so, we may say that the large rectangles did not have 
significantly strong color aftereffect maybe because they 
were too wide. 
In Expt 2, in order to check the uniformity and 
whiteness of the rectangles, the excitation purity of the 
color of the large rectangles (the occluded parts of the 
stripes and the other parts of the rectangles) was also 
measured. 
EXPERIMENT2 
Method 
Observers. One male and two females between the 
ages of 22 and 35 yr participated in this experiment. 
None of them was involved in Expt 1. All of them were 
naive for the purpose of the experiment. Each had normal 
or corrected-to-normal visual acuity (Snellen 20/20) and 
normal color vision (no errors in the Ishihara test). 
Stimulus. The same test stimuli of the stripes and the 
large rectangles as in Expt 1 [Fig. 1 (a)] were used. The far 
disparity values introduced to non-occluded parts of 
the stripes, however, took on only two values (0 and 
11.0 deg). As shown in Fig. 4, the occluding rectangles 
were divided into two groups of parts. The first is the 
occluding parts of the rectangles;* these parts lie over the 
occluded parts of stripes. The occluding parts of the 
rectangles are represented bythe cross hatch in Fig. 4. The 
second group is the non-occluding parts of the rectangles 
which do not overlay any stripes. These are represented 
by the dotted region in Fig. 4. Non-occluded parts of the 
stripes are represented by the gray region in Fig. 4. 
Although these three different parts were represented as
different brightness and textures o that the reader can 
easily understand these parts, all the parts inthe presented 
stimuli were actually white. 
FIGURE 4. Illustration for the three groups of parts of the test stimulus; 
non-occluded parts of the stripes, occluding parts of the rectangles and 
the non-occluding parts of the rectangles. All of the three groups of parts 
were actually white. 
Procedure. Before the experiment began, the observer 
was shown different regions of Fig. 4 to match by initially 
indicating their positions by flickering them and later by 
"beep" sounds. As in Expt 1, there were two stages in the 
whole experiment; the pre-adaptation stage and the 
post-adaptation stage. In each trial of the pre-adaptation 
stage, the test stimulus was presented with beep(s), the 
observer had to match the color of the square at 
the bottom with the color of the parts according to the 
number of the beep(s) as learned in the preliminary 
training session. However, unlike the training period, 
none of the parts of the stimulus flickered. In half of the 
trials, the stripes of the test stimuli were tilted clockwise. 
In the other half, they were tilted counterclockwise. The 
total number of trials in the pre-adaptation stage was 3 
(parts to be matched)× 2 (no disparity vs 11.0 min arc 
disparity) x 20 (repetition) = 120. The order of presen- 
tation of beep(s) and of the degree of disparity was 
randomly determined. All the other aspects of the 
procedure were identical to that of Expt 1. The adaptation 
started 30 min after the end of the pre-adaptation stage. 
The procedure for the adaptation was identical to that in 
Expt 1. 
*Physically, the term 'intersections of the stripes and the large 
rectangles' would be appropriate for the area. However, in order for 
the reader to understand it more easily, the term 'occluding parts of 
the rectangles' was used, based on how the area is perceived. 
Results 
For the pre-adaptation stage, as hown in the left 
graphs of Fig. 5, the matched excitation purity was close 
ORIENTATION AND COLOR PROCESSING FOR PARTIALLY OCCLUDED OBJECTS 653 
(a )  
0.08 
0.04 
o.oo '~  
x ° -0.04 -- 
W 
-0.08 - -  
-0 .12  - -  
-0.16 
YB 0.12 YB 
Pre-Adaptation a_ ~- = 0.080.04 f r~  P°st'Adaptation 
~ ~ O O m OO 
1! 
-0.04 
[ ]  -45 deg/0 Disparity w []  -45 deg/0 Disparity 
[ ]  -45 deg/11 , in  Disparity ~ -0.08 [ ]  -45 deg/11 , in  Disparity 
[ ]  45 deg/0 Disparity a~ []  45 deg/0 Disparity 
[ ]  45deg/11 rnin Disparity ~ -0.12 [ ]  45deg/11 rnin Disparity 
l i i - -0 .16 t l i 
Non-occluded Occluding Non-occluding Non-occluded Occluding Non-occluding 
Stripes Rectangles Rectangles Stripes Rectangles Rectangles 
Judged Parts Judged Parts 
0.12 
• c 0.08 
(3_ 
c 0.04 O 
t~ 
':- 0.00  
x 
It l  
c -0.04 t~ 
(D 
-0.08 
-0.12 
(b) SS 
Post-Adaptation 
I 
Non-occluded 
Stripes 
SS 
Pre-Adaptation 
[ ]  -45 deg/0 Disparity 
[ ]  -45 deg/11 , in  Disparity 
[ ]  45 deg/0 Disparity 
[ ]  45 deg/11 , in  Disparity 
I ) 
Occluding Non-occluding 
Rectangles Rectangles 
Judged Parts 
0.12 -- ~ -45 deg/0 Disparity 
>, [ ]  -45 deg/11 , in  Disparity 
0.08 [ ]  45 deg/0 Disparity 
~- [ ]  45 deg/11 , in  Disparity 
0.04 
t~ -0 .04  
-0.08 
-0.12 I 
Occluding Non-occluding 
Non-occluded Rectangles Rectangles 
Stripes 
Judged Parts 
0.12 
0.08  
0.04 
Ct. 
t'- 
.o 0.00 
-0.04 
LU 
C 
-0.08 
-0.12 
-0.16 
(c) 
JG 
Pre-Adaptation 
=T,, 
[ ]  -45 deg/0 Disparity 
- -  [ ]  -45 deg/11 , in  Disparity 
[ ]  45 deg/0 Disparity 
- -  [ ]  45 deg/11 . in  Disparity 
I I I 
Non-occluded Occluding Non-occluding 
Stripes Rectangles Rectangles 
Judged Parts 
0.08 Post-Adaptation 
" r -  
-'~ 0.04 
e-, 
.9 o.oo 
"~ -0.04 
W []  -45 deg/0 Disparity 
-0.08 [ ]  -45 deg/11 . in  Disparity 
[ ]  45 deg/0 Disparity 
1 , in  -0.12 [ ]  45 deg/  Disparity 
-o.16 I L 
Non-occluded Occluding Non-occluding 
Stripes Rectangles Rectangles 
Judged Parts 
FIGURE 5. The mean excitation purity of the color of the non-occluded parts of the stripes, occluding parts of the rectangles, 
and the non-occluding parts of the rectangles matched with the color of the reference square [(a) observer YB; (b) observer SS; 
(c) observer JG] as a function of binocular disparity (0 vs l I , i n  arc) and tilt of the stripes (45 deg counterclockwise vs 45 deg 
clockwise). A positive value was assigned to the measured excitation purity when the matched color was red and a negative value 
was assigned when the matched color was green. The left graphs are for the pre-adaptation stage and the right graphs are for 
the post-adaptation stage. Error bars represent the SEs. 
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Feedback between occlusion processing and the 
McCollough effect? 
So far, my discussion has been made under the tacit 
assumption that visual processing oes only from lower 
to higher levels. Recently it has been found that there are 
massive feedback projections among cortical areas (De 
Yoe & Van Essen, 1988). Considering the possibility of 
feedback effects, another possible explanation for the 
present findings must be added. That is, the occlusion 
process might occur in a high level and produces feedback 
signals to the quite early level where the McCollough 
effect may be generated. This view may be supported by 
the finding that subjective organization of a figure 
determines the McCollough effect (Jenkins & Ross, 1977; 
Meyer & Phillips, 1980; Uhlarik, Pringle & Brigeli, 1977). 
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